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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a transistor and a non- 
volatile memory using the same whose output characteristic can be 
changed largely according to the relative magnetizing senses of 
spin and free layers included in the transistor. &) 
SOLUTION: When the senses of the magnetizations of first and 
second ferromagnetic barrier layers 2, 6 are parallel with each 
other, spin-polarized hot electrons 26 having up-spin are injected 
into a base 22. Although spin-polarized hot electrons 27 having 
down-spin are injected into the base 22 when the senses of the 
magnetizations of the first and the second ferromagnetic barrier 
layers 2, 6 are antiparallel with each other, a down-spin-band end 
10 of the second ferromagnetic barrier layer 6 is made higher than 
the energy of the spin-polarized hot electrons 27. Consequently, ^ 
the spin-polarized hot electrons 27 can not conduct in the 
conduction band of the second ferromagnetic barrier layer 6, f 
thereby losing their energies in the interface between the base 22 
and a collector 23 by spin-dependent scatterings or reflections. i 



• 4r- "-4- 



• 2£ ». ; 



m 



lit 



LEGAL STATUS 

[Date of request for examination] 1 9.04.2005 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 



http://wwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAA7RaG8sDA416 1 1904P1 .htm 



9/2/2005 



JP,2()04-1 1 1904,A [CLAIMS] 



Page 1 of 4 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The transistor characterized by having the spin injector which pours in the hot carrier which did spin 
polarization according to the spin filter effectiveness, and the spin analyzer which sorts out this poured-in spin 
polarization hot carrier according to the spin filter effectiveness. 
[Claim 2] 

said spin injector impresses an electrical potential difference to ends — the 1st ferromagnetic barrier layer which 
can tunnel a carrier — this ~ the transistor according to claim 1 characterized by having the 1 st nonmagnetic 
electrode layer joined to the end side of the 1st ferromagnetic barrier layer, and the 2nd nonmagnetic electrode 
layer joined to the other end side of said 1st ferromagnetic barrier layer. 
[Claim 3] 

Said spin analyzer, 

The transistor according to claim 1 or 2 characterized by having the 2nd ferromagnetic barrier layer, said 2nd 
nonmagnetic electrode layer joined to the end side of this 2nd ferromagnetic barrier layer, and the 3rd 
nonmagnetic electrode layer joined to the other end side of the ferromagnetic barrier layer of the above 2nd, and 
carrying out said 2nd nonmagnetic electrode layer to said spin injector in common. 
[Claim 4] 

Said 1 st and 2nd ferromagnetic barrier layers are transistors according to claim 2 or 3 characterized by 
including the ferromagnetic semi-conductor or the ferromagnetic insulator. 
[Claim 5] 

the thickness of said 2nd nonmagnetic electrode layer — this ~ a transistor given in any 1 term to claims 1-4 
characterized by being the thickness below the mean free path of the spin polarization hot carrier in the 2nd 
nonmagnetic electrode layer. 
[Claim 6] 

The spin filter effectiveness of said spin injector In the tunnel effect of the carrier in said 1st ferromagnetic 
barrier layer which impresses an electrical potential difference to said 1 st nonmagnetic electrode layer and said 
2nd nonmagnetic electrode layer, and they are made to produce The tunnel probability of a carrier to have the 
sense of spin parallel to the spin band in the band edge of the ferromagnetic barrier layer of the above 1st 
among the carriers which exist in the nonmagnetic electrode layer of the above 1 st is large. A transistor given in 
any 1 term to claims 1 -5 to which the tunnel probability of a carrier to have the sense of the spin used as anti- 
parallel is characterized by using a small thing. 
[Claim 7] 

The spin filter effectiveness of said spin analyzer When the sense of the spin of a spin polarization hot carrier 
poured in from said spin injector and the sense of the spin of the spin band in the band edge of said 2nd 
ferromagnetic barrier layer are parallel Although said spin polarization hot carrier conducts the spin band in the 
band edge of said 2nd ferromagnetic barrier layer and reaches to said 3rd nonmagnetic electrode layer When the 
sense of the spin of said spin polarization hot carrier and the sense of the spin of the spin band of the band edge 
of said 2nd ferromagnetic barrier layer are anti-parallel A transistor given in any 1 term to claims 1 -6 
characterized by using that said spin polarization hot carrier cannot reach to said 3rd nonmagnetic electrode 
layer. 
[Claim 8] 
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The 1st electrical potential difference is impressed according to the 1st power source between said 1st 
nonmagnetic electrode layer and said 2nd nonmagnetic electrode layer. Between said 2nd nonmagnetic 
electrode layer and said 3rd nonmagnetic electrode layer, Or the 2nd electrical potential difference is impressed 
according to the 2nd power source between said 1st nonmagnetic electrode layer and said 3rd nonmagnetic 
electrode layer. It responds to the sense of relative magnetization of said 1 st ferromagnetic barrier layer and said 
2nd ferromagnetic barrier layer. The spin polarization hot carrier injected into said 2nd nonmagnetic electrode 
layer from said 1 st nonmagnetic electrode layer on the current which flows through said the 2nd ferromagnetic 
barrier layer and said 2nd power source Or a transistor given in any 1 term to claims 1 -7 characterized by 
changing to the current which flows through said the 2nd nonmagnetic electrode layer and said 1 st power 
source. 
[Claim 9] 

Said 1st electrical potential difference is a transistor according to claim 8 characterized by impressing so that 
the poured-in energy of a spin polarization hot carrier may become it is larger than the spin band edge energy in 
the band edge of said 2nd ferromagnetic barrier layer, and smaller than the energy which applied spin fission 
width of face to the energy of this spin band edge. 
[Claim 10] 

The transistor according to claim 9 characterized by the ability to reverse the sense of magnetization of the 
either the ferromagnetic barrier layer of the above 1 st or the ferromagnetic barrier layers of the above 2nd by 
impressing a magnetic field. 
[Claim 11] 

The store circuit characterized by using a transistor given in any 1 term to claims 1-10 as a memory cell. 
[Claim 12] 

The store circuit according to claim 1 1 characterized by having connected the 2nd nonmagnetic electrode layer 
of said transistor to the word line, having connected the 3rd nonmagnetic electrode layer of said transistor to the 
bit line, having connected this bit line to the power source through the load, and grounding the 1 st nonmagnetic 
electrode layer of said transistor. 
[Claim 13] 

The transistor which has the output characteristics for which contain a ferromagnetic inside and it depends on 
the sense of the spin of a carrier (a "spin transistor" is called hereafter.), 

An information rewriting means to rewrite information in said spin transistor by changing the condition of 
magnetization of said ferromagnetic, 

The information read-out means which reads the information memorized as a condition of magnetization from 

said output characteristics in said spin transistor 

The storage element characterized by ****(ing). 

[Claim 14] 

Said spin transistor, 

It has the ferromagnetic (a "free layer" is called below.) which can control the direction of magnetization 
independently, and every at least one ferromagnetic (a "pin layer" is called hereafter.) to which the direction of 
magnetization is not changed, 

The storage element according to claim 13 characterized by holding either among the 1st condition that said 
free layer and said pin layer have the sense of the same magnetization, the 2nd condition of having the sense of 
different magnetization, and two storage conditions of**. 
[Claim 15] 

The storage element characterized by detecting the information which memorized information and was 

memorized in said transistor based on the output characteristics of said spin transistor depending on the sense of 

relative magnetization of said pin layer and said free layer with the sense of the relative magnetization of said 

free layer to said pin layer using one spin transistor according to claim 14. 

[Claim 16] 

Said spin transistor, 

It is the storage element according to claim 14 or 15 which is equipped with the 3rd electrode structure which 
controls the amount of the spin polarization carrier conducted to said 2nd electrode structure from the 2nd 
electrode structure which receives the 1st electrode structure and said spin polarization carrier which pours in a 
spin polarization carrier, and said 1st electrode structure, and is characterized by containing said pin layer and 

http://www4.ipdl.ndpi. go.jp/cgi-bin/^ 9/2/2005 



JP,2G04-1 1 1904,A [CLAIMS] 



Page 3 of 4 



said free layer in either of said electrode structures from the 1 st to the 3rd. 
[Claim 17] 

One spin transistor according to claim 16, 

1 st wiring which grounds said 1 st electrode structure, 

2nd wiring linked to said 2nd electrode structure, 

3rd wiring linked to said 3rd electrode structure 

The storage element which ****. 

[Claim 18] 

One spin transistor according to claim 1 6, 

1 st wiring which grounds said 1 st electrode structure, 

2nd wiring linked to said 2nd electrode structure, 

3rd wiring linked to said 3rd electrode structure, 

The output terminal formed in the end of said 2nd wiring, 

4th wiring which branches from said 2nd wiring and is connected with a power source through a load 
The storage element which ****, 
[Claim 19] 

Furthermore, the storage element according to claim 17 or 18 characterized by having 1st another wiring and 
2nd another wiring which cross in the condition of having insulated electrically mutually on said spin transistor. 

[Claim 20] 

The storage element according to claim 1 9 characterized by replacing with either said 1 st another wiring and 
said 2nd another wiring, said 1 st another wiring or said 2nd another wiring, and using either said 2nd wiring and 
said 3rd wiring, said 2nd wiring or said 3rd wiring. 
[Claim 21] 

The storage element according to claim 1 9 or 20 characterized by rewriting information by reversing 
magnetization of said free layer and changing the relative magnetization condition between said pin layers and 
said free layers by the magnetic field by which induction is carried out by passing a current to said 1st another 
wiring and 2nd another wiring or said 2nd wiring, and said 3rd wiring. 
[Claim 22] 

The storage element according to claim 17 or 18 characterized by reading information based on the output 
characteristics of said spin transistor at the time of adding the 1st bias to said 3rd wiring, and adding the 2nd 
bias between said 1 st wiring and 2nd wiring. 
[Claim 23] 

A storage element given in any 1 term to claims 1 8-22 characterized by reading information with the output 
voltage obtained based on the voltage drop of said load produced between said power source and said 1st 
wiring, and said load by the current through said spin transistor when the 1 st bias is impressed to said 3rd 
wiring. 
[Claim 24] 

One spin transistor according to claim 16 arranged in the shape of a matrix, 
1st wiring which grounds said 1st electrode structure, respectively, 

Two or more word lines which connect in common said 3rd electrode structure of said spin transistor located in 
a line in the direction of a train, 

Two or more bit lines which connect said 2nd electrode structure of said spin transistor on a par with a line 
writing direction in common 
The store circuit which ****. 
[Claim 25] 

The spin transistor according to claim 16 arranged in the shape of a matrix, 
1st wiring which grounds said 1st electrode structure, respectively, 

Two or more word lines which connect in common said 3rd electrode structure of said spin transistor located in 
a line in the direction of a train, 

Two or more bit lines which connect said 2nd electrode structure of said spin transistor on a par with a line 
writing direction in common, 

The output terminal formed in the end of this bit line, respectively, 
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2nd wiring which branches from this bit line, respectively and is connected to a power source through a load 
The store circuit which ***♦. 
[Claim 26] 

Furthermore, the store circuit according to claim 24 or 25 characterized by having 1st another wiring and 2nd 
another wiring which cross in the condition of having insulated electrically mutually on said transistor. 
[Claim 27] 

The store circuit according to claim 26 characterized by replacing with either said 1st another wiring and said 
2nd another wiring, said 1st another wiring or said 2nd another wiring, and using either said word line and said 
bit line, said word line or said bit line. 
[Claim 28] 

The store circuit according to claim 26 or 27 characterized by rewriting information by reversing magnetization 
of said free layer and changing the relative magnetization condition between said free layers and said pin layers 
by the magnetic field by which induction is carried out by passing a current to said 1st another wiring and 2nd 
another wiring or said word line, and said bit line. 
[Claim 29] 

The store circuit according to claim 24 or 25 characterized by reading information based on the output 
characteristics of said spin transistor at the time of adding the 1st bias to said word line, and adding the 2nd bias 
between said the 1 st wiring and said bit line. 
[Claim 30] 

A store circuit given in any 1 term to claims 25-27 characterized by reading information with the output voltage 
obtained based on the voltage drop of said load produced between said power source and said 1st wiring, and 
said load by the current through said spin transistor when the 1 st bias is impressed to said word line. 
[Claim 31] 

Two spin transistors, the 1st and the 2nd, according to claim 16, 

1st wiring which grounds the said 1st and 1st electrode structures common to said 2nd spin transistor, 

2nd and 3rd wiring which connects the 2nd electrode structure which said 1 st spin transistor has, and the 2nd 

electrode structure which said 2nd spin transistor has, respectively, 

4th wiring which connects the 3rd electrode structure which said 1st spin transistor has, and the 3rd electrode 
structure which said 2nd spin transistor has 
The storage element which ****. 
[Claim 32] 

Two or more spin transistors according to claim 16 arranged in the shape of a matrix, 

1st wiring grounded while carrying out said each 1st electrode structure which ** has to the line of the 1st spin 
transistor by which two or more arrangement is carried out at a line writing direction, and the line of the 2nd 
spin transistor by which adjoins in the direction of a row and column of this 1st spin transistor, and two or more 
arrangement is carried out at a line writing direction in common among these two or more spin transistors, 
3rd wiring which connects in common said 2nd electrode structure which the line of the 2nd wiring which 
connects to a line writing direction in common said 2nd electrode structure which the line of the 1 st spin 
transistor by which two or more arrangement is carried out has among said two or more spin transistors, and the 
2nd spin transistor which adjoins in the direction of a row and column of said 1st spin transistor has, 
4th wiring which connects in common the 3rd electrode structure which the train of the spin transistor by which 
two or more arrangement is carried out has in the direction of a train among said two or more spin transistors 
The store circuit which **♦*. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a detail more about a new transistor in the non-volatile store circuit (nonvolatile 
memory) using the transistor and it which have the output characteristics depending on the sense of the spin of a 
carrier. 
[0002] 

[Description of the Prior Art] 

Conventionally, DRAM (Dynamic Random Access Memory) has mainly been used from a viewpoint of 
working speed and a degree of integration as semiconductor memory used for the electronic equipment 
represented by the microcomputer. However, when energy's being consumed for storage maintenance and a 
power source are shut off by DRAM, the response to a demand and mobile computing devices of energy saving 
in recent years from troubles — the content of storage is lost — is difficult. In order to accept such a demand, in 
addition to the descriptions, such as a high speed, high integration, and a low power, the new memory which 
newly has the description of a non- volatile becomes indispensable. 
[0003] 

It MRAM (Magnetoresistive Random AccessMemory) not only realizes working speed equivalent to DRAM, 
and a degree of integration, but attracts attention as next-generation memory which has the description of un- 
volatilizing. In MRAM, information is memorized with the sense of magnetization of a ferromagnetic and the 
information by the sense of this magnetization is electrically read according to the giant magneto-resistance in a 
spin bulb component, or the tunnel magnetic-reluctance (TMR:Tunneling Magnetoresistance) effectiveness in a 
ferromagnetic tunnel junction (MTJ:Magnetic Tunnel Junction). Information can be held in MRAM un- 
volatilizing, without consuming energy, since the ferromagnetic is used. 
[0004] 

Drawing 17 is drawing showing the typical eel configuration of MRAM which used MTJ. As shown in drawing 
17 (A), as for MRAM, the 1-bit memory cell is constituted by one MTJ and one MOS (MetalOxide 
Semiconductor) transistor. The gate of an MOS transistor was connected to the word line for read-out, the 
source was grounded, the drain was connected to the end of MTJ, and the other end of MTJ is connected to a bit 
line. 
[0005] 

As shown in drawing 17 (B), MTJ has the tunnel junction structure which put the thin insulator layer with two 
ferromagnetic electrodes, and has the TMR effectiveness that tunnel resistance changes with sense of relative 
magnetization two inter-electrode [ ferromagnetic ]. The rate of change of TMR of the case where two 
ferromagnetic inter-electrode one has parallel magnetization especially, and the case where it has anti-parallel 
magnetization is used for assessment of a TMR ratio, a call, and the TMR effectiveness. 
[0006] 

In MRAM, information is memorized by considering as parallel magnetization or anti-parallel magnetization by 
the synthetic magnetic field of the magnetic field as for which induction is carried out by the current which 
passes the magnetization condition of MTJ, i.e., the sense of relative magnetization two inter-electrode 
[ ferromagnetic ], to each of the word line for rewriting (not shown) which intersects perpendicularly with a bit 
line and this. 
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[0007] 

In reading the storage information memorized in the specific eel, impress an electrical potential difference to the 
specific word line for read-out connected to a eel, make it flow through an MOS transistor, and it reads the 
information memorized by reading from the specific bit line connected to a eel to MTJ, and detecting the 
voltage drop of MTJ based on a sink and the TMR effectiveness for the current (an "actuation current" being 
called hereafter) of business as output voltage. 
[0008] 

[Problem(s) to be Solved by the Invention] 

Since the ferromagnetic is used for MRAM using MTJ, it has the descriptions, such as un-volatilizing, a low 
power, and a high speed, and since the cellular structure is still easier, it is suitable for high density integration. 
Although MRAM is expected as next-generation nonvolatile memory, in order to realize this, the following 
technical problems which must be solved occur. 

(1) Take binary resistance in MTJ corresponding to the magnetization condition of parallel magnetization and 
anti-parallel magnetization. In MRAM, an actuation current is passed to MTJ and this resistance is detected as 
output voltage. Therefore, in order to obtain high output voltage, it is necessary to adjust the thickness of the 
insulator layer of MTJ and to optimize tunnel resistance. However, in order that a TMR ratio may also be 
dependent on the thickness of an insulator layer, a limit is added about optimization of tunnel resistance. 
(2 In order to read the informational content of storage to accuracy, it is necessary further to take a large TMR 
ratio and to enlarge the ratio of the output voltage between two magnetization conditions of parallel 
magnetization and anti-parallel magnetization.) In order to realize a high TMR ratio, the formation approach of 
an insulating layer, an ingredient, thickness, etc. need to be optimized using a ferromagnetic with the big rate of 
spin polarization. 

(3) In MRAM using MTJ, in order to gather working speed, it is necessary to enlarge bias added to MTJ. 
However, when the voltage drop produced in ferromagnetic inter-electrode one becomes large, there is a 
problem which is not avoided theoretically that a TMR ratio decreases in MTJ. That is, the rate of change of the 
output voltage by TMR becomes small as the voltage drop produced in MTJ becomes large. It is difficult for 
this phenomenon to avoid, as long as it originates in the TMR effectiveness itself and the condition of 
magnetization is read only according to the TMR effectiveness. 
[0009] 

In order to detect the information memorized by high sensitivity in MTJ from the above technical problem, it is 
necessary to adjust the impedance (bond resistance) of MTJ and to optimize the magnitude of output voltage. 
Furthermore, it is necessary to take a large TMR ratio and to enlarge the ratio of the output signal between two 
magnetization conditions of parallel magnetization and anti-parallel magnetization. Moreover, the bias-proof of 
a TMR ratio is needed so that a TMR ratio may not decrease by bias. 

Therefore, if circumference circuits other than a storage element can design an output signal freely regardless of 

the property of a storage element, all the above-mentioned technical problems are solvable. 

[0010] 

This invention memorizes information according to a magnetization condition to the ferromagnetic contained in 
a transistor, and aims at offering the nonvolatile memory which reads information using the output 
characteristics of the transistor depending on the sense of the spin of a carrier. 
[0011] 

[Means for Solving the Problem] 

According to one viewpoint of this invention, the transistor characterized by having the spin injector which 
pours in a spin polarization hot carrier according to the spin filter effectiveness, and the spin analyzer which 
sorts out said this poured-in spin polarization hot carrier according to the spin filter effectiveness is offered. 
Therefore, the output characteristics of a transistor are controllable by the sense of the spin of a spin 
polarization hot carrier. 
[0012] 

As for said spin injector, it is desirable to have the 1st ferromagnetic barrier layer, the 1st nonmagnetic electrode 
layer joined to the end side of this 1st ferromagnetic barrier layer, and the 2nd nonmagnetic electrode layer 
joined to the other end side of the ferromagnetic barrier layer of the above 1 st. 
[0013] 
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As for said spin analyzer, it is desirable to have the 2nd ferromagnetic barrier layer, said 2nd nonmagnetic 
electrode layer joined to the end side of this 2nd ferromagnetic barrier layer, and the 3rd nonmagnetic electrode 
layer joined to the other end side of the ferromagnetic barrier layer of the above 2nd, and to carry out said 2nd 
nonmagnetic electrode layer to said spin injector in common. 
[0014] 

The 1 st and 2nd ferromagnetic barrier layers are constituted including a ferromagnetic insulating semi- 
conductor or a ferromagnetic insulating insulator, and, as for the energy band edge of these ferromagnetism 
barrier layer, it is desirable to be constituted by spin fission with either a rise spin band or a down spin band, the 
thickness of said 2nd nonmagnetic electrode layer — this — it is desirable that it is the thickness below the mean 
free path of the spin polarization hot carrier in the 2nd nonmagnetic electrode layer. 
[0015] 

Said spin injector has a large tunnel probability to the carrier which has spin parallel to the spin band which 
constitutes the band edge of said 1st ferromagnetic barrier layer, and its tunnel probability is small to the carrier 
which has the spin of anti-parallel. Therefore, the carrier which has spin parallel to the spin band which 
constitutes the band edge of said 1st ferromagnetic barrier layer from said 1st nonmagnetic electrode can be 
poured in as a hot carrier to said 2nd nonmagnetic electrode layer. 
[0016] 

On the other hand, said spin analyzer by spin fission in the band edge of said 2nd ferromagnetic barrier layer 
Although said 3rd nonmagnetic electrode layer is made to conduct said spin polarization hot carrier when the 
sense of the spin of said spin polarization hot carrier poured into said 2nd nonmagnetic electrode and the sense 
of the spin of the spin band in the band edge of said 2nd ferromagnetic barrier layer are parallel When the sense 
of the spin of the spin band in the band edge of said spin polarization hot carrier and said 2nd ferromagnetic 
barrier layer is anti-parallel, said 3rd ferromagnetic electrode is not made to conduct said spin polarization hot 
carrier. 
[0017] 

Therefore, even if it is under the same bias, the output characteristics of said transistor have a rate of current 
transfer, or a large current amplification factor, when the 1 st ferromagnetic barrier layer and the 2nd 
ferromagnetic barrier layer have parallel magnetization depending on the sense of relative magnetization of said 
1st ferromagnetic barrier layer and said 2nd ferromagnetic barrier layer, and in the case where it is anti-parallel 
magnetization, the rate of current transfer or a current amplification factor is small. 
[0018] 

Moreover, information is memorized with the sense of relative magnetization of said 2nd ferromagnetic barrier 
layer to said 1st ferromagnetic barrier layer, and the non- volatile record circuit which reads information with 
said output characteristics of the above-mentioned transistor depending on this magnetization condition is 
offered. In this store circuit, a memory cell can consist of above-mentioned transistor simple substances. 
[0019] 

According to other viewpoints of this invention, the non-volatile store circuit characterized by having a means 
to memorize information according to the magnetization direction of said ferromagnetic, and the means which 
reads electrically the information memorized in said spin transistor from said output characteristics using the 
spin transistor which has the output characteristics depending on the sense of the spin of a carrier including a 
ferromagnetic is offered. 
[0020] 

The ferromagnetic with which said spin transistor can control the sense of magnetization independently (a "free 
layer" is called hereafter), It has every at least one ferromagnetic (a "pin layer" is called hereafter) to which the 
sense of magnetization is not changed, and it is desirable to hold the 1st condition that the sense of 
magnetization of said free layer and the sense of magnetization of said pin layer are the same, and the 2nd 
condition that the sense of magnetization differs, as storage information. 
[0021] 

Said spin transistor is equipped with the 3rd electrode structure which controls the amount of the spin 
polarization carrier conducted to said 2nd electrode structure from the 2nd electrode structure which receives 
the 1st electrode structure and said spin polarization carrier which pours in a spin polarization carrier, and said 
1 st electrode structure, and it is desirable that said pin layer and said free layer are contained in either of said 
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electrode structures from the 1st to the 3rd. 
[0022] 

The store circuit which has the above-mentioned spin transistor arranged in the shape of a matrix, the word line 
connected to said 3rd electrode structure, the 1st wiring which grounds said 1st electrode structure, and the bit 
line connected to said 2nd electrode structure is offered. Two or more word lines extend in the direction of a 
train, and two or more bit lines extend in the direction (line writing direction) which intersects this. The above- 
mentioned spin transistor is arranged near the intersection of a word line and a bit line. 
[0023] 

By passing a current to 1st another wiring and 2nd another wiring which cross in the condition of having 
insulated electrically mutually on said spin transistor, by the magnetic field by which induction is carried out, 
magnetization of said free layer can be reversed, the relative magnetization condition between said free layers 
and said pin layers can be changed, and information can be memorized in the above-mentioned store circuit (or 
it rewrites). 
[0024] 

It is also possible to replace with either said 1st another wiring and said 2nd another wiring, said 1st another 
wiring or said 2nd another wiring, and to use either said word line and said bit line, said word line or said bit 
line. 
[0025] 

In the above-mentioned store circuit, information can be read based on the output characteristics in said spin 
transistor in case said free layer contained in said spin transistor and said pin layer have parallel magnetization. 
[0026] 

Furthermore, in the above-mentioned store circuit, an output terminal is formed in the end of each bit line, and 
the store circuit in which the 2nd wiring which branches from each bit line and is connected to a power source 
through a load was prepared is offered. 
[0027] 

In this case, information can be read with the output voltage obtained based on said 1 st [ the ] of said spin 
transistor depending on the relative magnetization condition of said free layer and said pin layer, and the voltage 
drop of said load by the current produced between the 2nd electrode structure. 

If the above-mentioned circuit is used, a high-speed non-volatile store circuit can be offered by the high 
accumulation consistency which can design the output voltage according to the magnetization condition in a 
transistor according to a load and a power source. 
[0028] 

[Embodiment of the Invention] 

The transistor concerning this invention has the spin injector which pours in the spin polarization hot carrier 
which has the sense of specific spin, and the spin analyzer which sorts out this poured-in spin polarization hot 
carrier according to the sense of that spin. The spin injector has the 1st ferromagnetic barrier layer which has the 
thickness in which the tunnel effect of a Fowler-Nordheim tunnel or a direct tunnel is possible, the 1 st 
nonmagnetic electrode layer joined to the end side of the 1 st ferromagnetic barrier layer, and the 2nd 
nonmagnetic electrode layer joined to the other end side of the 1st ferromagnetic barrier layer. The spin 
analyzer has the 2nd ferromagnetic barrier layer, the 2nd nonmagnetic electrode layer joined to the end side of 
the 2nd ferromagnetic barrier layer, and the 3rd nonmagnetic electrode layer joined to the other end side of the 
2nd ferromagnetic barrier layer, and a spin injector and the 2nd nonmagnetic electrode layer are common. As 
for the thickness of the 2nd nonmagnetic electrode layer, it is desirable that it is the thickness below the mean 
free path of the spin polarization hot carrier in this nonmagnetic electrode layer. 
[0029] 

That is, as compared with the configuration of a well-known hot electron transistor, the 1 st nonmagnetic 
electrode layer and the 1 st ferromagnetic barrier layer correspond to an emitter and an emitter barrier, the 2nd 
nonmagnetic electrode layer corresponds to the base, and the 2nd ferromagnetic barrier layer and the 3rd 
nonmagnetic electrode layer correspond the above-mentioned configuration to a collector obstruction and a 
collector. 
[0030] 

The 1st and 2nd ferromagnetic barrier layers are constituted including a ferromagnetic insulating semi- 
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conductor or a ferromagnetic insulating insulator. The energy band of these ferromagnetic barrier layers is 
carrying out spin fission by the magnetic exchange interaction, and only a rise spin band or a down spin band 
exists by this spin fission at a band edge. Moreover, the energy width of face in which only one spin band exists 
is called spin fission width of face. 
[0031] 

In the spin filter effectiveness of a spin injector In the tunnel effect of the Fowler-Nordheim tunnel which 
impresses an electrical potential difference to the 1st ferromagnetic barrier layer, and it is made to produce 
through the 1st nonmagnetic electrode layer and the 2nd nonmagnetic electrode layer, or a direct tunnel Sense 
of the spin which was in agreement with the sense of the spin of the spin band in the band edge of the 
ferromagnetic barrier layer of [ 1st ] the carriers of the 1st nonmagnetic electrode layer (in the case where a 
carrier is an electron) magnetization of the 1 st ferromagnetic barrier layer ~ anti — the sense of the spin which 
becomes parallel to magnetization of the 1st ferromagnetic barrier layer by the case where a carrier is an 
electron hole, about the sense of the spin which becomes parallel is pointed out. Sense of the spin which whose 
tunnel probability of the carrier which it has is large, and is not in agreement (in the case where a carrier is an 
electron) the case where a carrier is an electron hole about the sense of the spin which becomes parallel to 
magnetization of the 1 st ferromagnetic barrier layer — magnetization of the 1 st ferromagnetic barrier layer — 
anti — the sense of the spin which becomes parallel is pointed out. It uses that the tunnel probability of the 
carrier which it has is small. 
[0032] 

[ when the spin filter effectiveness of a spin analyzer pours a spin polarization hot carrier into the band in which 
the 2nd ferromagnetic barrier layer carried out spin fission from a spin injector ] When the sense of the poured- 
in spin of a spin polarization hot carrier and the sense of the spin of the spin band in the band edge of the 2nd 
ferromagnetic barrier layer are parallel (the 1 st and 2nd ferromagnetic barrier layer is parallel magnetization) 
Although a spin polarization hot carrier conducts the inside of the spin band of the 2nd ferromagnetic layer and 
the 3rd nonmagnetic electrode layer is reached When the sense of the spin of the spin band in the band edge of a 
spin polarization hot carrier and the 2nd ferromagnetic layer is anti -parallel (the 1st and 2nd ferromagnetic 
barrier layer is anti-parallel magnetization), a spin polarization hot carrier uses that the 2nd ferromagnetic 
barrier layer cannot be conducted. 
[0033] 

The above-mentioned transistor operates as follows. 

The 1 st electrical potential difference is impressed according to the 1 st power source between the 1 st 
nonmagnetic electrode layer and the 2nd nonmagnetic electrode layer. Between the 2nd nonmagnetic electrode 
layer and the 3rd nonmagnetic electrode layer, Or the 2nd electrical potential difference is impressed according 
to the 2nd power source between the 1 st nonmagnetic electrode layer and the 3rd nonmagnetic electrode layer. 
It responds to the sense of relative magnetization with the 1 st ferromagnetic barrier layer and the 2nd 
ferromagnetic barrier layer. The spin polarization hot carrier injected into the 2nd nonmagnetic electrode layer 
is changed from the 1 st nonmagnetic electrode layer to the current which flows through the 2nd ferromagnetic 
barrier layer and the 2nd power source, or the current which flows through the 2nd nonmagnetic electrode layer 
and the 1 st power source. 
[0034] 

At this time, the 1 st electrical potential difference is impressed so that the poured-in energy of a spin 
polarization hot carrier may become it is larger than the energy of the spin band edge in the band edge of the 
2nd ferromagnetic barrier layer, and smaller than the energy which applied spin fission width of face to the spin 
band edge. 
[0035] 

According to the above-mentioned configuration, the carrier in the 1 st nonmagnetic electrode layer which has 
the sense of the spin of the spin band in the band edge of the 1 st ferromagnetic barrier layer and the sense of 
parallel spin is injected into the 2nd nonmagnetic electrode layer as a spin polarization hot carrier according to 
the tunnel effect of a Fowler-Nordheim tunnel, a direct tunnel, etc. Since the thickness of the 2nd nonmagnetic 
electrode layer is the thickness below the mean free path of the spin polarization hot carrier in the 2nd 
nonmagnetic electrode layer, the poured-in spin polarization hot carrier reaches the 2nd ferromagnetic barrier 
layer, without losing energy. In addition, the energy of a spin polarization hot carrier Since it has energy larger 
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[ than the energy of the spin band edge in the band edge of the 2nd ferromagnetic barrier layer ] and smaller 
than the energy which applied spin fission width of face to this spin band edge, When the sense of the poured-in 
spin of a spin polarization hot carrier is parallel to the sense of the spin of the spin band in the band edge of the 
2nd ferromagnetic barrier layer By the electric field generated in the 2nd ferromagnetic barrier layer, a spin 
polarization hot carrier conducts the inside of this spin band, is conveyed to the 3rd nonmagnetic electrode 
layer, and becomes the current which flows between the 3rd nonmagnetic electrode layer and the 1st 
nonmagnetic electrode layer. 
[0036] 

On the other hand, when the sense of the poured-in spin of a spin polarization hot carrier is the sense of the spin 
of a spin band and the anti-parallel in the band edge of the 2nd ferromagnetic barrier layer, spin polarization hot 
carriers are scattered about by the interface of the 2nd nonmagnetic electrode layer and the 2nd ferromagnetic 
barrier layer (or echo), and become the current which flows between the 2nd nonmagnetic electrode layer and 
the 1 st nonmagnetic electrode layer. 
[0037] 

Thus, the sense of relative magnetization with the 1 st ferromagnetic barrier layer and the 2nd ferromagnetic 
barrier layer can change the current which flows the 1st ferromagnetic barrier layer through the 2nd 
ferromagnetic layer by parallel or anti-parallel to the current which flows between the 3rd nonmagnetic 
electrode layer and the 1 st nonmagnetic electrode layer, or the current which flows between the 2nd 
nonmagnetic electrode layer and the 1 st nonmagnetic electrode layer. That is, the current which flows through 
the 2nd ferromagnetic barrier layer is controllable by the sense of relative magnetization of the 1 st 
ferromagnetic barrier layer and the 2nd ferromagnetic barrier layer. Although it responds to controlling 
collector current by base current if it is made to contrast with actuation of the hot electron transistor of the well- 
known grounded base or a grounded emitter, or a bipolar transistor, with the transistor by the gestalt of this 
operation, the current amplification factor of the collector current by base current is controllable by the sense of 
relative magnetization with the 1st ferromagnetic barrier layer and the 2nd ferromagnetic barrier layer. That is, 
the transistor by the gestalt of this operation is a transistor which can control a current amplification factor, and 
can control collector current not only by base current (or the 1 st and 2nd nonmagnetic inter-electrode bias 
voltage) but by the sense of relative magnetization of the 1 st ferromagnetic barrier layer and the 2nd 
ferromagnetic barrier layer. 
[0038] 

Moreover, if the coercive force of the 1st ferromagnetic barrier layer and the 2nd ferromagnetic barrier layer is 
changed or the sense of one magnetization is fixed, the sense of relative magnetization with the 1st 
ferromagnetic barrier layer and the 2nd ferromagnetic barrier layer can be changed into parallel or either of the 
anti-parallel at arbitration by impressing the magnetic field of the suitable reinforcement which the sense of 
magnetization of the either the 1st ferromagnetic barrier layer or the 2nd ferromagnetic barrier layer reverses. 
That is, information can be made to memorize in a transistor. 
[0039] 

Therefore, a memory cell can be constituted using the above-mentioned transistor. An example of the 
nonvolatile memory using the transistor by the gestalt of this operation is explained below. The 2nd 
nonmagnetic electrode layer of the transistor by the gestalt of this operation is connected to a word line, the 3rd 
nonmagnetic electrode layer of a transistor is connected to a bit line, a bit line is connected to a power source 
through a load, and the 1st nonmagnetic electrode layer of a transistor is grounded. If according to this 
configuration a specific word line is chosen, bias is added to the 2nd nonmagnetic electrode layer, a specific bit 
line is chosen and output voltage (electrical potential difference produced in the 1 st and 2nd nonmagnetic inter- 
electrode one) is detected, output voltage will change according to the sense of relative magnetization of the 1st 
ferromagnetic barrier layer of a transistor, and the 2nd ferromagnetic barrier layer. That is, when the sense of 
relative magnetization is parallel, output voltage becomes small, and output voltage becomes large when the 
sense of relative magnetization is anti-parallel. Therefore, the memorized information can be read by the size of 
output voltage. 
[0040] 

Since the transistor by the gestalt of this operation is used for the above-mentioned nonvolatile memory as a 
grounded emitter transistor, it adds a power source and a load to a collector and makes collector voltage output 
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voltage, circumference circuits, such as supply voltage and a load, can design it to the value of a request of 
output voltage in case the 1st and 2nd ferromagnetic barrier layer is parallel magnetization, and the output 
voltage in the case of being anti -parallel magnetization. Therefore, if the above-mentioned nonvolatile memory 
is used, the trouble of a TMR ratio being small and being hard to distinguish storage information, and the 
trouble that the ratio of output voltage becomes small by impression bias are solvable further in the trouble list 
in MRAM using MTJ that tunnel resistance is small and output voltage is small. 
[0041] 

Hereafter, it explains to a detail, referring to on a drawing about the configuration and actuation of the above- 
mentioned transistor. In addition, in order to give the following explanation intelligible, the transistor by the 
gestalt of this operation is called a spin filter transistor. 
[0042] 

Drawing 1 (A) is a typical sectional view, and drawing 1 is drawing showing the configuration of the spin filter 
transistor by the gestalt of this operation, and it is [ drawing 1 (B) is energy band drawing of the conduction 
band (or valence-electron band) of a configuration of being shown in drawing 1 (A), and ] drawing having 
shown the sense of the spin of the spin band in a barrier layer collectively. However, if a carrier is an electron 
hole, the sense of spin and the sense of magnetization in a band edge are in agreement, but if a carrier is an 
electron, the sense of spin and the sense of magnetization in a band edge will turn into reverse sense. 
[0043] 

The spin filter transistor 1 by the gestalt of this operation The 1st ferromagnetic barrier layer 2 and the 1st 
nonmagnetic electrode layer 3 joined to the end side of the 1st ferromagnetic barrier layer 2, The spin injector 5 
constituted by having the 2nd nonmagnetic electrode layer 4 joined to the other end side of the 1 st 
ferromagnetic barrier layer 2, It has the spin analyzer 8 constituted by having the 2nd ferromagnetic barrier 
layer 6, the 2nd nonmagnetic electrode layer 4 joined to the end side of the 2nd ferromagnetic barrier layer 6, 
and the 3rd nonmagnetic electrode layer 7 joined to the other end side of the 2nd ferromagnetic barrier layer 6, 
and is constituted. The spin injector 5 and the spin analyzer 8 are carrying out the 2nd nonmagnetic electrode 
layer 4 in common so that clearly from drawing 1 (A). 
[0044] 

Non-magnetic metal, n mold nonmagnetic semi-conductor, or the nonmagnetic semi-conductor of p mold can 
be used as 1st, 2nd, and 3rd nonmagnetic electrode layers 3, 4, and 7. Moreover, as for the thickness of the 2nd 
nonmagnetic electrode layer 4, it is desirable to carry out to below the mean free path in the nonmagnetic 
electrode layer 4 of the spin polarization hot carrier poured in from the spin injector. By making base width of 
face shorter than a mean free path, it becomes possible to make the rate of current transfer or more into 0.5, and 
a current amplification operation can be acquired. 
[0045] 

As 1st and 2nd ferromagnetic barrier layers 2 and 6, a ferromagnetic insulating semi-conductor or a 
ferromagnetic insulating insulator can be used. The energy band of a ferromagnetic barrier layer is carrying out 
spin fission by the magnetic exchange interaction, and the energy field where only rise spin or down spin exists 
is made at a band edge. This band that carried out spin polarization is called a spin band, and calls this energy 
field width of face the spin fission width of face delta. 
[0046] 

As shown in drawing 1 (B), the continuous line which attached and showed arrow-head ** to the ferromagnetic 
barrier layers 2 and 6 is the edge 9 of the band with which rise spin can exist, i.e., a rise spin band edge, and, on 
the other hand, the continuous line which attached and showed arrow-head ** is the edge 10 of the band with 
which down spin can exist, i.e., a down spin band edge. Between the rise spin SUNDO edges 9 and the down 
spin band edges 10 in drawing 1 (B), it is the field where only rise spin can exist. Moreover, the field which has 
energy higher than the down spin band edge 10 is a field where both rise spin and down spin can exist. 
Although drawing 1 (B) has illustrated the case where the spin band of rise spin is lower than the spin band of 
down spin, this [ its ] is possible also for the condition of reverse. 
[0047] 

The 1st ferromagnetic barrier layer 2 has the thickness which can penetrate the 2nd nonmagnetic electrode layer 
4 HEKYARI A from the 1 st nonmagnetic electrode layer 3 according to the tunnel effect of a Fowler-Nordheim 
tunnel (FN tunnel is called henceforth.) or a direct tunnel with the electrical potential difference impressed to 
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the 1 st nonmagnetic electrode layer 3 and the 2nd nonmagnetic electrode layer 4. In addition, a direct tunnel 
means the phenomenon in which a carrier penetrates a thin potential barrier directly. Moreover, a certain 
applied voltage can disregard the tunnel current by direct tunnel, and FN tunnel means the phenomenon in 
which a carrier tunnels the triangular potential of the potential barrier upper part produced by impressing the 
electrical potential difference beyond a certain value. 
[0048] 

In the electrical-potential-difference range used for the usual memory circuit, the electrical potential difference 
impressed to the 1st nonmagnetic electrode layer 3 and the 2nd nonmagnetic electrode layer 4 is good, for 
example, is several V order from hundreds of mV. It is necessary to make thickness of the 2nd ferromagnetic 
barrier layer 6 thick to extent which the heat dissipation of a carrier or the current (the so-called leakage current) 
by tunnel does not produce from the 2nd nonmagnetic electrode layer 4 in the 3rd nonmagnetic electrode layer 
7. 

[0049] 

Above-mentioned nonmagnetic electrode layers 3, 4, and 7 and ferromagnetic electrode layers 2 and 6 form the 
energy band structure shown in drawing 1 (B). The continuous line 11 for a nonmagnetic electrode layer in 
drawing 1 (B) shows metaled Fermi energy, the Fermi energy of n mold (p mold) semi-conductor, or the energy 
of the bottom (summit of a valence band) of a conduction band. phiC shows the energy barrier of the lower one 
of the ferromagnetic barrier layers 2 and 6 to the continuous line 1 1 for a nonmagnetic electrode layer, and spin 
fission width of face is expressed with delta. Although the ferromagnetic barrier layers 2 and 6 may have delta 
as phiC of a different value, below, they show the case where it has delta as phiC of the same value by the 
ferromagnetic barrier layers 2 and 6. 
[0050] 

When a carrier is an electron, non-magnetic metal or a n-type semiconductor is used for the nonmagnetic 
electrode layers 3, 4, and 7, and a ferromagnetic insulating semi-conductor or a ferromagnetic insulating 
insulator is used for the ferromagnetic barrier layers 2 and 6. In this case, the bottom of a conduction band 
carries out spin fission of the rise spin band edge 9 of the ferromagnetic barrier layers 2 and 6, and the down 
spin band edge 1 0. Moreover, in making a carrier into an electron hole, it uses a ferromagnetic insulating semi- 
conductor or a ferromagnetic insulating insulator for the ferromagnetic barrier layers 2 and 6, using a p type 
semiconductor as nonmagnetic electrode layers 3, 4, and 7. In this case, a valence-band summit carries out spin 
fission of the rise spin band edge 9 of the ferromagnetic barrier layers 2 and 6, and the down spin band edge 10. 
[0051] 

Next, the principle of operation of the above-mentioned spin filter transistor is explained in detail. In future 
explanation, in order to simplify explanation, the notation of a hot electron transistor is used together and 
explained. That is, the base 22, the 2nd ferromagnetic barrier layer 6, and the 3rd nonmagnetic electrode layer 7 
are called [ the 1 st nonmagnetic electrode layer 3 and the 1 st ferromagnetic barrier layer 2 ] a collector 23 for an 
emitter 21 and the 2nd nonmagnetic electrode layer 4, and the emitter electrode 3 and the 3rd nonmagnetic 
electrode layer 7 are called a collector electrode 7 for the 1st nonmagnetic electrode layer 3. Moreover, the case 
where a carrier is an electron is made into an example, and it explains (also when a carrier is a hole, since the 
principle of operation is intrinsically equivalent, explanation is omitted). 
[0052] 

energy band drawing when drawing 2 applies grounded-base bias voltage between the emitter of the transistor 
by the gestalt of this operation, the base, and a collector — it is — drawing 2 (A) — case the sense of 
magnetization of the 1st and 2nd ferromagnetic barrier layers is mutually parallel — drawing 2 (B) — the sense 
of magnetization of the 1st and 2nd ferromagnetic barrier layers — mutual — anti- — it is a case [****] and is 
drawing corresponding to drawing 2 (A). Bias voltage VEB is applied between an emitter 21 and the base 22, 
and bias voltage VCB is applied between the base 22 and a collector 23. At this time, the magnitude of VEB is 
set up so that the relation of (phi c<qVEB<phi c+delta) may be filled. However, q is elementary charge. 
[0053] 

An emitter 21 works as a spin injector which pours into the base 22 the hot electron which carried out spin 
polarization. That is, since the conduction band of the 1st ferromagnetic barrier layer 2 is carrying out spin 
fission when passing a carrier with bias voltage VEB and passing the 1st ferromagnetic barrier layer 2 with a 
tunnel from the emitter electrode 3, the obstruction height sensed as the rise spin electron 24 which exists in the 
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emitter electrode 3, and the down spin electron 25 differs. 
[0054] 

That is, in drawing 2 (A), the obstruction height which the rise spin electron 24 senses is the energy to the rise 
spin band edge 9 of the 1st ferromagnetic barrier layer 2, i.e., phic, and the obstruction height which the down 
spin electron 25 senses is, the energy, i.e., phi c+delta, to the down spin band edge 10 of the 1st ferromagnetic 
barrier layer 2. Therefore, the base 22 can be made to carry out tunnel impregnation of the electron in which the 
obstruction height to sense has the spin of the lower one, and the electron 24 which has rise spin in this case 
selectively by controlling a base-emitter electrical potential difference (this phenomenon is called the spin filter 
effectiveness.). 
[0055] 

On the other hand, the collector 23 of the above-mentioned transistor works as a spin analyzer which sorts out 
the sense of the spin polarization hot electron poured into the base 22. That is, the spin polarization hot electron 
26 which changed into the hot condition and was poured into the base 22 with bias voltage VEB can reach 
BARISUTIKKU, without losing energy to the interface of the base 22 and a collector 23, since the width of 
face of the base 22 is set below to the mean free path of the spin polarization hot electron 26. Two obstructions 
from which obstruction height differs by spin fission of a conduction band have also produced the 2nd 
ferromagnetic barrier layer 6 of a collector 23. As shown in drawing 2 (A), when the 1st and the 2nd 
ferromagnetic barrier layer 2, and the sense of magnetization of six are mutually parallel, since the rise spin 
band edge 9 with spin parallel to the spin polarization hot electron 26 of the 2nd ferromagnetic barrier layer 6 is 
lower than the energy of the spin polarization hot electron 26, the spin polarization hot electron 26 is conducted 
to a collector electrode 7 exceeding the 2nd ferromagnetic barrier layer 6, and serves as collector current IC. 
[0056] 

On the other hand, although the spin polarization hot electron 27 which has down spin is poured into the base 
22 when the magnetization direction of the 1st and 2nd ferromagnetic barrier layers 2 and 6 is mutually made 
anti-parallel as shown in drawing 2 (B) Since the down spin band edge 1 0 of the 2nd ferromagnetic barrier layer 
6 which has down spin is higher than the energy of the spin polarization hot electron 27 The spin polarization 
hot electron 27 cannot conduct the conduction band of the 2nd ferromagnetic barrier layer 6, but loses energy in 
response to spin dependence dispersion (or echo) in the interface of the base 22 and a collector 23, and serves as 
base current IB. 
[0057] 

Thus, the rate of current transfer of KOREKUTAHE flow ****** changes greatly from an emitter with sense of 
relative magnetization with the 1st ferromagnetic barrier layer 2 of an emitter 22, and the 2nd ferromagnetic 
barrier layer 6 of a collector 23. If it puts in another way, the current amplification factors of the collector 
current by base current differ greatly. 
[0058] 

Drawing 3 is drawing showing the static characteristic in the grounded base of the spin filter transistor by the 
gestalt of this operation. An axis of abscissa shows the collector-base electrical potential difference VCB 
rightward [ drawing top ], and shows the emitter-base electrical potential difference VEB leftward, and the axis 
of ordinate shows emitter current IE, base current IB, and collector current IC. Drawing 3 (B) shows the static 
characteristic in anti-parallel for the static characteristic in case the magnetization directions of drawing 3 (A) of 
the ferromagnetic barrier layer of an emitter and a collector are parallel. In addition, in drawing 3 (A) and 
drawing 3 (B), alpha shows the rate of current transfer, and beta shows a current amplification factor, and a 
suffix, ****, and **** show the case where the relative magnetization directions of the ferromagnetic barrier 
layer of an emitter and a collector are parallel, and the case where they are anti-parallel, respectively. 
[0059] 

As shown in drawing 3 (A), when the magnetization directions of an emitter and a collector are parallel, most 
emitter current IE can set to collector current IC. As shown in drawing 3 (B), when the magnetization directions 
are anti -parallel, most emitter current IE can consider as base current IB. Also in the transistor by the gestalt of 
this operation, collector current IC is controllable by base current IB like a well-known hot electron transistor or 
a well-known bipolar transistor. In addition, a current amplification factor is controllable also by the sense of 
relative magnetization of the 1 st and 2nd ferromagnetic barrier layer. 
[0060] 
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As a ferromagnetic barrier layer of the spin filter transistor by the gestalt of this operation, ferromagnetic semi- 
conductors, such as EuS, EuSe, and EuO, can be used. Moreover, ferromagnetic insulators, such as R3Fe 5012 
(R shows rare earth elements), can also be used. As a nonmagnetic electrode layer, nonmagnetic semi- 
conductors, such as metals, such as aluminum and Au, Si by which the impurity dope was carried out at high 
concentration, and GaAS, may be [ that what is necessary is just non-magnetic material ] used. For example, as 
a ferromagnetic barrier layer, when aluminum is used as EuS and a nonmagnetic electrode layer, it is 
obstruction height phiO=l .4eV and is delta= 0.36eV in spin fission width of face. Moreover, the spin filter 
transistor by the gestalt of this operation can be manufactured using the above-mentioned ingredient by well- 
known molecular beam epitaxy, the vacuum deposition method, the sputtering method, etc. 
[0061] 

Next, the nonvolatile memory using the spin filter transistor of this invention as a memory cell is explained. 
Drawing 4 (A) is drawing showing the example of 1 configuration of the memory cell using the spin filter 
transistor 1 by the gestalt of this operation. In the memory cell shown in drawing 4 (A), many spin filter 
transistors have been arranged in the shape of a matrix, the emitter terminal E was grounded, and the collector 
terminal C and base terminal B are connected to the bit line BL for read-out, and the word line WL for read-out, 
respectively. Moreover, the word line for rewriting and the bit line for rewriting are arranged so that it may 
cross in the condition of having insulated with other wiring on the electric target on the above-mentioned spin 
filter transistor. As this word line for rewriting, and a bit line for rewriting, the above-mentioned bit line BL for 
read-out and the above-mentioned word line WL for read-out may be used together. Drawing 4 (A) is drawing 
showing the eel configuration at the time of using together. In the case of drawing 4 (A), while being able to 
constitute a memory cell from a spin filter transistor simple substance, it can be made a very simple 
configuration also about wiring. Therefore, the layout suitable for detailed-ization can be constituted easily. 
Drawing 4 (B) uses the same eel configuration. 
[0062] 

Next, the memory circuit by the gestalt of this operation is explained with reference to drawing 4 (B). The 
memory circuit 41 by the gestalt of this operation connects to a word line 42 the 2nd nonmagnetic electrode 4 
which is the base of the spin filter transistor 1 ( drawing 1 ), connects to a bit line 43 the 3rd nonmagnetic 
electrode 7 which is the collector electrode of the spin filter transistor 1 , connects a bit line 43 to a power source 
(VCC) 45 through a load (RL) 44, and has the configuration which grounded the 1st nonmagnetic electrode 3 
which is the emitter electrode of the spin filter transistor 1 . Although pure resistance is used as a load here, an 
active load with a transistor may be used. 
[0063] 

In order to read the storage information on a specific memory cell, the specific word line 42 is chosen, bias is 
added between the emitter-bases, the supply voltage VCC of a power source 45 is impressed to a bit line 43 
through load resistance 44, and storage information is read by the size of the output voltage VO which appears 
in a bit line 43. The axis of ordinate of drawing 4 (C) expresses collector current IC, an axis of abscissa 
expresses collector-to-emitter- voltage VCE, and the load straight line 46 by load resistance 44 is indicated to be 
the IC-VCE property of a spin filter transistor on the same drawing. Output voltage VO is determined from the 
intersection of these properties. That is, it becomes VO**** and VO**** as the mutual magnetization direction 
of the 1st and 2nd ferromagnetic barrier layers 2 and 6 shows the output signal of the case of parallel, and the 
case of anti-parallel to drawing 4 (C), respectively. The absolute value of VO**** and VO**** and the ratio of 
VO**** and VO**** can be optimized with a circuit parameter (RL and VCC). Thus, the non-volatile memory 
device by the gestalt of this operation can obtain the ratio of the output signal of required magnitude, and an 
output signal, without adjusting own structure of a component like MTJ. 
[0064] 

The spin filter effectiveness used in the transistor by the gestalt of this operation is the effectiveness using spin 
fission of the band in a ferromagnetic, and is high compared with the TMR effectiveness of MTJ. [ of the 
selectivity of spin ] In the case of parallel magnetization [ the relative magnetization condition between the 1 st 
and 2nd ferromagnetic barrier layers ], if **-SU width of face is set below to the mean free path of a spin 
polarization hot carrier, the rate alpha of current transfer (it defines by =IC/IE) can become 0.5 or more, but in 
the case of anti-parallel magnetization, the rate of current transfer is very small. That is, change of the rate of 
current transfer of the case of parallel magnetization and the case of anti-parallel magnetization will be further 
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amplified, when it sees with a current amplification factor beta (it defines as =IE/IB). The ratio of the absolute 
value of a desired output signal and a desired output signal can be easily obtained by optimizing an output 
signal by the circumference circuit mentioned above to the output characteristics of this greatly different spin 
filter transistor in the state of magnetization. 
[0065] 

Next, the non-volatile store circuit using the transistor (a "spin transistor" is called hereafter) which has the 
output characteristics depending on the sense of the spin of a carrier is explained. 

The store circuit concerning this invention is related with the non-volatile store circuit which used the spin 
transistor. A spin transistor contains ferromagnetics, such as a ferromagnetic metal and a ferromagnetic semi- 
conductor, in a transistor, controls the sense of the spin of a carrier by this magnetization condition, and changes 
output characteristics. Information is memorized based on the magnetization condition of the ferromagnetic in 
the interior of a spin transistor, and information is read using the output characteristics of the transistor 
reflecting the magnetization condition inside a spin transistor. If a spin transistor is used, it is possible to 
constitute a 1 -bit non- volatile memory cell from one spin transistor, and it is possible to optimize the value of 
the output signal over storage information by the circumference circuit linked to this memory cell. 
[0066] 

More, it has the ferromagnetic layer (free layer) in which a spin transistor can control the sense of 
magnetization by a magnetic field etc. independently at a detail, and every at least one ferromagnetic layer (pin 
layer) to which the sense of magnetization is being fixed, and even if it is under the same bias, it is the transistor 
which can control the output characteristics of a transistor by the sense of relative magnetization of a free layer 
and a pin layer. By changing the sense of magnetization of a free layer by a magnetic field etc., two conditions, 
parallel magnetization or anti-parallel magnetization, are [ the relative magnetization condition of a free layer 
and a pin layer ] realizable. These two magnetization conditions correspond to the storage information on 
binary. 
[0067] 

In a spin transistor, the output characteristics according to the magnetization condition in a transistor can be 
obtained based on the conduction phenomenon of changing depending on the sense of the spin of carriers, such 
as spin dependence dispersion, a tunnel magneto-resistive effect, and the spin filter effectiveness. The spin 
transistor is equipped with the 3rd electrode structure which controls the amount of the spin polarization carrier 
conducted to the 2nd electrode structure from the 2nd electrode structure which receives the 1 st electrode 
structure and spin polarization carrier which pours in a spin polarization carrier, and the 1st electrode structure. 
[0068] 

In a spin transistor, it operates based on the same principle of operation as a general transistor except the 
conduction phenomenon depending on spin. Therefore, a spin transistor can be classified into current actuation 
mold transistors, such as a bipolar transistor, and electrical-potential-difference actuation mold transistors, such 
as a field-effect transistor, a current actuation mold transistor — in the 1 st electrode structure, the 2nd electrode 
structure corresponds to a collector and the 3rd electrode structure corresponds to an emitter at the base, 
respectively. The spin filter transistor explained with the gestalt of this operation is classified into this current 
actuation mold. 
[0069] 

moreover — the case of an electrical-potential-difference actuation mold transistor — in the 1st electrode 
structure, the 2nd electrode structure corresponds to a drain and the 3rd electrode structure corresponds to the 
source at the gate, respectively. Even if the collector current or the drain current in a spin transistor is under the 
same bias, it changes in the state of magnetization of the ferromagnetic contained in a spin transistor. 
[0070] 

About the detail of a spin transistor, it mentions later, and the general output characteristics of a spin transistor 
and the nonvolatile memory using a spin transistor are explained hereafter. Below, suppose that parallel 
magnetization or anti-parallel magnetization is realizable of the relative magnetization condition of a free layer 
and a pin layer by impressing a magnetic field to a free layer including the ferromagnetic of a free layer and a 
pin layer in a spin transistor. Moreover, this magnetization condition shall exist in stability, unless the magnetic 
field beyond the coercive force of a free layer is impressed. 
[0071] 
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The example of the output characteristics of a current actuation mold spin transistor is typically shown in 
drawing 5 (A). Like the usual current actuation mold transistor, although collector current IC is controllable by 
the magnitude of base current IB, it depends for the magnitude of collector current also on the magnetization 
condition of the ferromagnetic contained in a spin transistor. In the case of anti-parallel magnetization, even if it 
is adding the same bias as a spin transistor in the case of drawing 5 (A) (IB=IB1), in the case of parallel 
magnetization, collector current IC**** is large, and collector current IC**** is small. 
[0072] 

The example of the output characteristics of an electrical-potential-difference actuation mold spin transistor is 
typically shown in drawing 5 (B). Like field-effect transistors, such as the usual MOS transistor, when a GETO 
source electrical potential difference (VGS) is smaller than threshold VT (VGS<VT), a spin transistor hardly 
produces a drain current in a cut off state. Although a spin transistor will be in switch-on if VGS more than VT 
is impressed, drain current values differ by the case where it has the case where the ferromagnetic contained in a 
spin transistor has parallel magnetization under the same bias (VGS=VGS1), and anti-parallel magnetization. 
When it has parallel magnetization in the case of drawing 3 (B), drain current id**** is large, and when it has 
anti-parallel magnetization, drain current ID**** is small. 
[0073] 

Therefore, in a spin transistor, the sense of relative magnetization of the free layer in which a current actuation 
mold and an electrical-potential-difference actuation mold are contained in a device, and a pin layer is 
electrically detectable based on the magnitude of collector current or a drain current. Moreover, as mentioned 
above, with a ferromagnetic, unless the magnetic field beyond the coercive force of a free layer is impressed 
from the exterior, the sense of magnetization can be held to stability. For this reason, in a spin transistor, the 
information on binary is memorizable by making the relative magnetization condition of a free layer and a pin 
layer included in a device parallel magnetization or anti-parallel magnetization. Therefore, if a spin transistor is 
used, a 1-bit non- volatile memory cell can consist of only one spin transistor. 
[0074] 

The case where the spin transistor of an electrical-potential-difference actuation mold is used is hereafter made 
into an example, and the nonvolatile memory using a spin transistor is explained in full detail. When the spin 
transistor of a current actuation mold is used for a memory cell, it can constitute similarly. 
[0075] 

Drawing 6 (A) is drawing showing the example of a configuration of the memory cell which used the spin 
transistor. Drawing 6 (B) is drawing showing the example of a configuration of the store circuit formed based 
on this memory cell. The relation between drawing 6 (A) and drawing 6 (B) is the same as the relation between 
drawing 4 (A) and drawing 4 (B). In the memory circuit shown in drawing 6 (A), many spin transistors 150 
have been arranged in the shape of a matrix, Source S was grounded, and Drain D and Gate G are connected to 
the bit line BL for read-out, and the word line WL for read-out, respectively. Moreover, the word line for 
rewriting and the bit line for rewriting are arranged so that it may cross in the condition of having insulated with 
other wiring on the electric target on the above-mentioned spin transistor 1 50. As this word line for rewriting, 
and a bit line for rewriting, the above-mentioned bit line BL for read-out and the above-mentioned word line 
WL for read-out may be used together. Drawing 6 (A) and (B) are drawings showing the configuration at the 
time of using together. In the case of drawing 6 (A) and (B), while being able to constitute a memory cell only 
from one spin transistor, it can arrange in a very simple configuration also about wiring. 

The spin transistor of the electrical-potential-difference actuation mold which has the gestalt of resemblance in 
an MOS transistor especially can constitute easily the layout suitable for detailed-ization of carrying out the 
source in common etc. from an adjacent memory cell. 

Hereafter, rewriting / bit line for read-out, and rewriting / word line for read-out mentioned above is only called 

bit line BL and a word line WL, respectively. 

[0076] 

Informational rewriting reverses the free layer of the memory cell chosen by the synthetic field of the field in 
which induction is carried out to the bit line BL which crosses on the selected memory cell, and a word line WL 
by the current which flows a current to a sink and each wiring, and rewrites information. Under the present 
circumstances, in order for the non-choosing eel linked to the same bit line BL or same word line WL as a 
selection eel not to carry out flux reversal, in the field only from one wiring, the current value passed to each 
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wiring so that flux reversal may not be produced is set up. 
[0077] 

After read-out of information impresses an electrical potential difference to the word line WL connected to the 
selection eel and makes it flow through a spin transistor, it impresses an electrical potential difference to a bit 
line BL, and detects the magnitude of a drain current. Based on the magnitude of this drain current, the relative 
magnetization condition of a free layer and a pin layer is detectable. 
[0078] 

Drawing 6 (B) is the memory circuit which branched from an output terminal VO and this output terminal VO 
at the bit line edge of a memory circuit shown in drawing 6 (A), and was connected to supply voltage VDD 
through the load. The static characteristic and the operating point of a memory cell which were shown in 
drawing 6 (C) at drawing 6 (B) are shown. Here, although the active load 160 by the depletion type MOS 
transistor is used as a load, pure resistance may be used like drawing 4 (B). If gate voltage VGS is impressed to 
the gate of a spin transistor 150 at the time of informational read-out and supply voltage VDD is impressed to a 
bit line BL through a load as shown in drawing 6 (C) The operating point by the active load moves on the load 
curve in drawing 6 (C) according to a pin layer, a free layer, and the magnetization condition of a between (PI 1 
and PI 2 in drawing), and the output signal V0 of the case of parallel magnetization and anti -parallel 
magnetization becomes V0 **** in drawing, and V0 ****, respectively. The absolute value and ratio 
(Y0****/Y0****) Q f eac h output signal can be optimized with the parameter of circumference circuits, such as 
the transistor characteristics of an active load, and VDD. For example, by optimizing the intersection of the 
static characteristic of a spin transistor, and the load curve by the active load, drain current ratio ID****/ID**** 
can obtain a big output signal ratio, even when small. Moreover, if the saturation current of an active load is 
larger than ID**** and smaller than ic**** even if the value of D**** and ID**** varies by the memory cell, 
output voltage can be prevented from almost changing. Furthermore, in order not to use a sense amplifier for 
read-out of information, read-out of a high speed becomes possible. Therefore, in the store circuit by the gestalt 
of this operation, the output signal of desired magnitude can be acquired easily and it has the advantage that 
high-speed read-out becomes possible further. 
[0079] 

In the memory cell using conventional MTJ and a conventional MOS transistor, although the output voltage by 
resistance of MTJ is read with a sense amplifier, output voltage is determined by the current value passed to 
MTJ, and the impedance (bond resistance) of MTJ, and cannot adjust an output ratio freely in a circumference 
circuit. 
[0080] 

Below, the structure of a spin transistor applicable to the nonvolatile memory circuit by the gestalt of this 
operation is explained with reference to a drawing. For FM, a ferromagnetic metal and FS are [ the following 
and / an insulating ferromagnetism semi-conductor and NM of an electrical conductivity ferromagnetism semi- 
conductor and IFS ] the codes of non-magnetic material. In NM metal, especially non-magnetic metal and NM 
semi-conductor express a nonmagnetic semi-conductor. First, the spin transistor group of a current actuation 
mold is explained. 
[0081] 

Drawing 7 is energy band drawing of the spin transistor of a hot electron transistor mold. As for the spin 
transistor 200, an emitter 201 and the base 205 consist of FM or an FS. In the detail, the spin transistor 200 has 
more the emitter 201 which consists of FM (or FS), the emitter barrier 203 which consists of NM, the base 205 
which consists of FM (or FS), the collector obstruction 207 which consists of NM, and the collector 211 which 
consists of NM. As NM, non-magnetic metal or a nonmagnetic semi-conductor can be used. 
[0082] 

In the spin transistor 200 shown in drawing 7 , tunnel impregnation of the spin polarization hot carrier is carried 
out at the base 205 through an emitter barrier 203 from an emitter 201 . When an emitter 201 and the base 205 
are parallel magnetization, if base width of face is set up so that it can pass through the base 205 to 
BARISUTIKKU in order that the poured-in spin polarization hot carrier may hardly receive spin dependence 
dispersion in the base 205, it will reach a collector 211 over the collector obstruction 207. That is, the same 
transistor actuation as the usual hot electron transistor is carried out. 
[0083] 
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On the other hand, when an emitter 201 and the base 205 have anti-parallel magnetization, the spin polarization 
hot carrier poured into the base 205 from the emitter 201 loses energy by spin dependence dispersion in the base 
205, and becomes base current, without the ability exceeding the collector obstruction 207. That is, when an 
emitter 201 and the base 205 are anti-parallel magnetization, the rate of current transfer falls compared with the 
case where both are parallel magnetization. Therefore, even if the same bias as a spin transistor 200 is 
impressed, the rate of current transfer or a current amplification factor changes with differences in the relative 
magnetization condition of an emitter 201 and the base 205. Moreover, room temperature actuation is also 
possible for a spin transistor 200 by choosing the obstruction height of a collector obstruction appropriately etc. 
[0084] 

in order to enlarge the ratio of the rate of current transfer with the case where it has the case where between the 
emitter-base has parallel magnetization, and anti-parallel magnetization which boils, respectively and can be set, 
a spin transistor 200 needs to take long base width of face so that spin dependence dispersion can act 
effectively. On the other hand, if base width of face is lengthened, when an emitter and the base are parallel 
magnetization, the rate of current transfer becomes small, for example, it is less than 0.5, and trade-off that a 
magnification operation is lost exists. 
[0085] 

Drawing 8 is energy band drawing of the spin transistor of the hot electron transistor mold which used heat 
dissipation as a spin impregnation device to the base. As shown in drawing 8 , the spin transistor 220 has the 
emitter 221 which consists of FM (or FS), the base 225 which consists of FM (or FS), and the emitter barrier 
223 which consists of NM prepared among both. Furthermore, it has the collector obstruction 227 of the base 
225 and an emitter barrier 223 which becomes the opposite hand of junction from NM, and the collector 23 1 
which consists of NM. A nonmagnetic semi-conductor can be used for an emitter barrier 223 and the collector 
obstruction 227. Moreover, a collector 231 can use a nonmagnetic semi-conductor or non-magnetic metal. 
[0086] 

Ohmic contact or tunnel contact is formed between an emitter 221 and an emitter barrier 223. Between the base 
225 and an emitter barrier 223, between the base 225 and the collector obstruction 227, junction is formed so 
that it may have the band discontinuity shown in drawing 9 . This band discontinuity is realizable with terrorism 
junction to the Schottky barrier between NM semi-conductor / FM, or that between NM semi-conductor / FS. 
Or the Schottky barrier may be formed on FS and FM, the Schottky barrier produced in this case may be made 
into an emitter barrier, FS may be used as an emitter, and FM may be constituted as the base. 
[0087] 

The spin polarization carrier diffused in the emitter barrier 223 from the emitter 221 is poured in as a hot carrier 
by heat dissipation by impressing bias to the base 225 to an emitter 221 to the base 225. Although the spin 
polarization hot carrier poured into the base 225 can reach a collector, without receiving spin dependence 
dispersion when an emitter 221 and the base 225 have parallel magnetization, in the case where an emitter 221 
and the base 225 are anti-parallel magnetization, a spin polarization hot carrier becomes base current by spin 
dependence dispersion. Also in this transistor 220, since spin dependence dispersion in the base is used, the 
relation of a trade-off exists like the above-mentioned spin transistor 200 between the ratio of the rate of current 
transfer in each in the case of having parallel magnetization and anti-parallel magnetization, and the rate of 
current transfer in parallel magnetization. However, compared with the above-mentioned spin transistor 200 
using tunnel impregnation, there are a description that large current driving force can be taken, and the 
description of being easy to realize room temperature actuation. 
[0088] 

Drawing 9 is energy band drawing of the spin transistor of the hot electron transistor mold which used the spin 
filter effectiveness. Although this transistor was already explained to the detail, that description is explained 
briefly. As for the spin transistor 240 shown in drawing 9 , the emitter barrier 243 and the collector obstruction 
247 are constituted by IFS. From the emitter 241 which consists of a NM metal (or NM semi-conductor), only 
the carrier which has spin selectively [ while ] according to the spin filter effectiveness of an emitter barrier 243 
can be poured into the base 245 which consists of a NM metal (or NM semi-conductor). If base width of face is 
set below to the mean free path of the rate hot carrier of spin polarization, the rate hot carrier of spin 
polarization poured into the base 245 will conduct the base 245 to BARISUTIKKU. At this time, bias of the 
spin transistor 240 is carried out so that a spin polarization hot carrier may be poured in into the energy fission 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/2/2005 



JP,2004-1 1 1904, A [DETAILED DESCRIPTION] 



Page 15 of 19 



width of face of the rise spin band (spin band edge to which the upward arrow head is given in drawing 9 ) of 
the collector obstruction 247, and a down spin band (spin band edge to which Downarrow is given in drawing 

9 ). When an emitter barrier 243 and the collector obstruction 247 have parallel magnetization, the spin 
polarization hot carrier poured into the base 245 can overcome the obstruction by the spin band of the low 
energy in the collector obstruction 247 according to the spin filter effectiveness of the collector obstruction 247, 
and can spread to the collector 251 which consists of a NM metal (or NM semi-conductor). On the other hand, 
in the case where an emitter barrier 243 and the collector obstruction 247 have anti-parallel magnetization, most 
spin polarization hot carriers become base current according to the spin filter effectiveness of the collector 
obstruction 247, without the ability overcoming the collector obstruction 247. 

[0089] 

Therefore, in a spin transistor 240, the rate of current transfer (or current amplification factor) changes with 
sense of relative magnetization of an emitter barrier 243 and the collector obstruction 247. Since the spin filter 
effectiveness has the very large selectivity of spin, it can enlarge the ratio of the rate of current transfer in 
[ each ] parallel magnetization and anti-parallel magnetization with this transistor. 
[0090] 

Moreover, it is possible to shorten base width of face enough in a spin transistor 240. Therefore, unlike the spin 
transistor using spin dependence dispersion shown in drawing 7 and drawing 8 , the trade-off between the 
current amplification factors and spin selectivity relevant to base width of face has the advantage of not 
existing. 
[0091] 

Drawing 10 is energy band drawing of the spin transistor of a tunnel base transistor mold. As shown in drawing 

10 , in the spin transistor 260 of a tunnel base transistor mold, FS of p mold (or n mold) is used for an emitter 
261 and a collector 265, and NM semi-conductor of n mold (or p mold) is used for the tunnel base 263. 
Between the emitter-bases and between base-collectors, it is desirable to use the heterojunction of Type II with 
which the base 263 becomes an obstruction to an electron hole (or electron). Moreover, base width of face is 
made thin to extent which tunnel current produces from an emitter in a collector. 

[0092] 

In the structure shown in drawing 10 , although tunnel conductance is large since the carrier which has the a 
large number spin of an emitter can be easily tunneled to a collector 265 in the case where an emitter 261 and a 
collector 265 have parallel magnetization, in the case where an emitter 261 and a collector 265 have anti- 
parallel magnetization, tunnel conductance is small by the tunnel magneto-resistive effect (the TMR 
effectiveness). Therefore, the magnitude of collector current is controllable by the condition of relative 
magnetization of an emitter 261 and a collector 265. 
[0093] 

If the large TMR ratio in this spin transistor 260 can be taken, it will become possible to enlarge change of the 
collector current depending on the magnetization condition between emitter-collectors. In order to demonstrate 
the TMR effectiveness effectively with a spin transistor 260, when a reverse bias is impressed to base-collector 
junction, it is desirable to make it a depletion layer not spread in a collector side. However, if a depletion layer 
spreads in a base side, possibility that a problem will arise in the saturation characteristics of collector current 
exists. 
[0094] 

In the above-mentioned transistor 260, when the high concentration dope of the base layer is carried out so that 
a depletion layer may not spread in a base layer, and it is made for the depletion layer of base-collector junction 
to spread in a collector side, although the TMR effectiveness in the base is not expectable, the carrier poured 
into the collector produces resistance by spin dependence dispersion within a collector. If this spin dependence 
dispersion is used, the magnitude of collector current is changeable with the magnetization condition between 
emitter-collectors. However, since the resistance change by spin dependence dispersion is small, compared with 
the case where the TMR effectiveness is used, the effectiveness may not be large. 
[0095] 

Next, an electrical-potential-difference actuation mold spin transistor group is explained with reference to a 
drawing. 

Drawing 1 1 is drawing showing the cross-section structure of the spin transistor of an MOS transistor mold. As 
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shown in drawing 1 1 R> 1, the spin transistor 300 of an MOS transistor mold has the structure where the gate 
electrode 311 and ** were formed on the NM semi-conductor 301 through the source 303 which consists of 
FM, the drain 305 which consists of FM, and gate dielectric film 307. The Schottky barrier of FM and NM 
semi-conductor is used for the source 303 and a drain 305, and other configurations are the same as that of the 
usual MOS transistor. 
[0096] 

The spin polarization carrier injected into the channel formed directly under the gate dielectric film 307 in the 
NM semi-conductor 301 reaches a drain 305 through this channel from the source 303 (hereafter, since it is 
easy, the effect of the Rashba effectiveness by the gate electric field of the spin injected into the channel is 
disregarded). Although the spin polarization carrier injected into the drain 305 does not receive spin dependence 
dispersion when the source 303 and a drain 305 have parallel magnetization, in the case where it has anti- 
parallel magnetization, resistance by spin dependence dispersion is produced in the drain electrode 305. 
[0097] 

Therefore, with this transistor 300, conductance changes with sense of the relative magnetization between 
source-drains. 

Moreover, it is also possible by using FS for the source 303 and a drain 305 to form pn junction between semi- 
conductors 301 , and to form the source and a drain. 
[0098] 

Drawing 12 is drawing showing the cross-section structure of the spin transistor of a modulation dope transistor 
mold. This spin transistor 320 has the structure formed from the source 323 which consists of FM (or FS) to the 
two-dimensional carrier gas produced in the interface of the 1st NM semi-conductor 321 and the 2nd NM semi- 
conductor 327, the drain 325 which consists of FM (or FS), and the gate electrode 331 . Except that the source 
323 and a drain 325 consist of ferromagnetics, it is the same as that of the usual usual modulation dope 
transistor. 
[0099] 

A spin polarization carrier is injected into the channel 333 formed by 2-dimensional carrier gas from the source 
323. As for the spin polarization carrier which reached the drain 325, a mutual conductance changes with sense 
of relative magnetization of the source 323 and this drain 325 for spin dependence dispersion with a drain 325. 
[0100] 

Drawing 13 is the sectional view of the spin transistor of the MOS transistor mold which used FS for the 
channel field. The spin transistor 340 shown in drawing 13 has the structure where the gate electrode 351 and 
** were formed on FS341 through the source 343 which consists of FM, the drain 345 which consists of NM 
(or FM, FS), and gate dielectric film 347. The Schottky barrier of FM and FS is used for the source 343, and 
other configurations are the same as that of the usual MOS transistor. 
[0101] 

Tunnel impregnation of the spin polarization carrier is carried out into a channel 341 through the Schottky 
barrier from the source 343. Spin dependence dispersion in the TMR effectiveness at the time of this tunnel 
impregnation and the channel of FS341 realizes the mutual conductance depending on the sense of relative 
magnetization of the source 343 and FS341. 
[0102] 

The spin transistor 360 which shows cross-section structure to drawing 14 has the tunnel junction structure 
which put insulating NM tunnel obstruction 365 with the drain 363 which consists of the source 361 which 
consists of FM (or FS), and FM (or FS), and is a spin transistor which has arranged the gate electrode 371 so 
that electric field can be impressed to the tunnel obstruction 365. 
[0103] 

When only the bias between source-drains is impressed, as for the thickness of the tunnel obstruction 365, it is 
desirable to set it as the thickness which is extent which a Fowler-Nordheim (FN) tunnel does not produce. By 
changing the triangular potential of the tunnel obstruction band edge produced by impressing bias between 
source-drains with gate voltage, induction of the FN tunnel is carried out and a drain current is acquired. 
[0104] 

The spin polarization carrier poured in from the source 361 receives spin dependence dispersion with a drain 
363 according to the relative magnetization condition of the source 361 and a drain 363. Therefore, the mutual 
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conductance of a transistor is controllable by the sense of the relative magnetization between source-drains. 
[0105] 

The spin transistor 380 which shows cross-section structure to drawing 1 5 transposes the tunnel obstruction of 
the spin transistor 360 shown in drawing 14 to the tunnel obstruction 385 which consists of IFS. A drain 383 
may not be a ferromagnetic although the source 381 needs to be FM or FS. In the IFS tunnel barrier layer 385, 
although obstruction height changes with sense of the spin of a carrier, when the source 381 and the tunnel 
obstruction 385 have parallel magnetization, bias is added between source-drains and between the source-gates 
so that a transistor may be in switch-on. Since the tunnel barrier height seen from the a large number spin of the 
source 381 becomes high when the source 381 and the tunnel obstruction 385 have anti-parallel magnetization 
under the same bias condition as this, the tunnel probability of a spin polarization carrier decreases and a drain 
current decreases. Since the spin selectivity by this spin filter effectiveness is very large, if a ferromagnetic with 
the big rate of spin polarization is used as the source 381 , it can enlarge change of the mutual conductance by 
the sense of the relative magnetization between source-drains. 
[0106] 

As mentioned above, each explained various spin transistor can be used as a memory cell for store circuits 
shown in drawing 4 or drawing 6 . 

Moreover, it is also possible to form the structure which made common the source of the spin transistor of two 
drawing 1 1 and the electrical-potential-difference actuation mold shown in 14 and 15 with the one source. 
Drawing 16 (A) is drawing showing the example of a configuration of the memory cell which has a common 
source configuration. Drawing 16 (B) is drawing showing the example of cross-section structure of the memory 
cell which has a common source configuration. 
[0107] 

The memory cell structure shown in drawing 1 6 (A) and (B) The 1st spin transistor Trl and 2nd spin transistor 
Tr2 which adjoin mutually, The WORD wiring WL which makes common connection of the gate electrode Gl 
of the 1st spin transistor Trl, and the gate electrode G2 of the 2nd spin transistor Tr2, The 1st bit line BL1 
linked to the 1st drain Dl of the 1 st spin transistor Trl , It has the 2nd bit line BL2 linked to the 2nd drain D2 of 
the 2nd spin transistor, and the ferromagnetism source S common to the 1st and 2nd spin transistors Trl and 
Tr2 and wiring which grounds this. If the above-mentioned structure is used, in order to make the source 
common, it becomes the cellular structure which was further suitable for densification integration. 
[0108] 

In order to suppress the leakage current at the time of cutoff especially to the minimum with the spin transistor 
of drawing 1 1 and the electrical-potential-difference actuation mold shown in 14 and 15, insulation as shown in 
drawing 16 (B) is high, for example, it is desirable to use a SOI substrate etc. 
[0109] 

As mentioned above, as explained, the spin filter transistor and the various spin transistors shown with the 
gestalt of this operation in addition to this by the gestalt of operation of this invention have the characteristic 
property that output characteristics are controllable by the sense of relative magnetization of the pin layer and 
free layer which are contained in a device. Even if this relative magnetization condition does not supply power, 
it has the property of the so-called non- volatile in which a condition can be held. Therefore, this relative 
magnetization condition is memorizable to a non-volatile as information on binary. Furthermore, if the above- 
mentioned output characteristics are used, this relative magnetization condition is also electrically detectable. 
That is, if a spin transistor is used, a 1 -bit non-volatile memory cell can consist of only one spin transistor. 
Furthermore, if the nonvolatile memory circuit using the spin transistor by the gestalt of this operation is used, 
the magnitude of the output signal over storage information and the ratio of an output signal can be designed 
freely. Therefore, if the memory circuit using the spin transistor and it by the gestalt of operation of this 
invention is used, there is an advantage that the working speed and the degree of integration of a nonvolatile 
memory circuit can be raised. 
[0110] 

As mentioned above, although this invention was explained in accordance with the gestalt of operation, this 
invention is not restricted to these. In addition, probably, it will be obvious to this contractor for various 
modification, amelioration, and combination to be possible. 
[0111] 
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[Effect of the Invention] 

As mentioned above, according to the spin filter transistor of this invention, output characteristics can be 
changed a lot with the sense of the relative magnetization between ferromagnetic barrier layers. 
Moreover, the nonvolatile memory circuit which used for the memory cell other spin transistors which have a 
property equivalent to this spin filter and this can detect the sense of this relative magnetization electrically 
while being able to memorize the information on binary with the sense of the relative magnetization between 
the ferromagnetics contained in a transistor. Furthermore, if the nonvolatile memory circuit of this invention is 
used, the output signal over storage information can be designed freely. Therefore, if the above-mentioned 
transistor is used, it will become realizable [ the non-volatile store circuit of the high speed which constitutes a 
1-bit non- volatile memory cell only from one transistor, and a high accumulation consistency ]. 
[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 (A) is a typical sectional view, and it is drawing showing the configuration of the spin 
filter transistor by the gestalt of this operation, and it is [ drawing 1 (B) is energy band drawing of the 
conduction band (or valence-electron band) of a configuration of being shown in drawing 1 (A), and ] drawing 
having shown the sense of the spin of the spin band in a barrier layer collectively. 

[Drawing 2] The emitter of the transistor by the gestalt of this operation (1st nonmagnetic electrode layer), It is 
energy band drawing at the time of applying grounded-base bias voltage between the base (2nd nonmagnetic 
electrode layer) and a collector (3rd nonmagnetic electrode layer), drawing 2 (A) — case the sense of 
magnetization of the 1 st and 2nd ferromagnetic barrier layers is mutually parallel — drawing 2 (B) — the sense 
of magnetization of the 1st and 2nd ferromagnetic barrier layers — mutual — anti- — it is a case [ **** ]. 
[Drawing 3] It is drawing showing the static characteristic in the grounded base of the spin filter transistor by 
the gestalt of this operation. An axis of abscissa shows the collector-base electrical potential difference VCB 
rightward [ drawing top ], and shows the emitter-base electrical potential difference VEB leftward, and the axis 
of ordinate shows emitter current IE, base current IB, and collector current IC. Drawing 3 (B) shows the 
property in anti-parallel magnetization for the property in case the magnetization condition of drawing 3 (A) 
between the ferromagnetic barrier layers of an emitter and a collector is parallel magnetization. 
[Drawing 4] Drawing 4 (A) is drawing showing the example of 1 configuration of the memory cell using the 
spin filter transistor 1 by the gestalt of this operation. Drawing 4 (B) is drawing showing the example of 1 
configuration of a memory circuit. The axis of ordinate of drawing 4 (C) expresses collector current IC, an axis 
of abscissa expresses collector-to-emitter- voltage VCE, and the load straight line by load resistance is indicated 
to be the IC-VCE property of the spin filter transistor 150 on the same drawing. 

[Drawing 5] Drawing 5 (A) is drawing showing typically the example of the output characteristics of a current 
actuation mold spin transistor, and drawing 5 (B) is drawing showing typically the example of the output 
characteristics of an electrical-potential-difference actuation mold spin transistor. 

[Drawing 6] Drawing 6 (A) is drawing showing the example of 1 configuration of the memory cell using the 
electrical-potential-difference actuation mold spin transistor by the gestalt of this operation. Drawing 6 (B) is 
drawing showing the example of 1 configuration of a memory circuit. The axis of ordinate of drawing 6 (C) 
expresses the drain current ID, an axis of abscissa expresses the electrical potential difference VDS between the 
drain-sources, and the ID-VDS property of the electrical-potential-difference actuation mold spin transistor 1 
and the load curve by the active load are shown on the same drawing. 

[Drawing 7] It is energy band drawing showing the example of a configuration of the spin transistor of a hot 
electron transistor mold. 

[Drawing 8] It is energy band drawing showing the example of a configuration of the spin transistor of the hot 
electron transistor mold using heat-dissipation impregnation. 

[Drawing 9] It is energy band drawing showing the example of a configuration of the spin transistor of the hot 
electron transistor mold using the spin filter effectiveness. 

[Drawing 10] It is energy band drawing showing the example of a configuration of the spin transistor of a 
tunnel base transistor mold. 

[Drawing 1 1 ] It is cross-section structural drawing showing the example of a configuration of the spin transistor 
of an MOS transistor mold. 

[Drawing 12] It is cross-section structural drawing showing the example of structure of the spin transistor of a 
modulation dope transistor mold. 
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[Drawing 13] It is cross-section structural drawing showing the example of a configuration of the spin transistor 
of the MOS transistor mold which has a ferromagnetic semi-conductor channel. 

[Drawing 14] It is cross-section structural drawing showing the example of a configuration of the spin transistor 
which has the configuration which prepared gate dielectric film and a gate electrode to the nonmagnetic 
insulation tunnel obstruction established between the ferromagnetic source and a ferromagnetic drain. 
[Drawing 15] It is cross-section structural drawing showing the example of a configuration of the spin transistor 
which has the configuration which prepared gate dielectric film and a gate electrode to the insulating 
ferromagnetism tunnel obstruction established between the ferromagnetic source and a ferromagnetic drain. 
[Drawing 16] Drawing 16 (A) is drawing showing the example of a configuration of the memory cell which has 
a common source configuration. Drawing 16 (B) is drawing showing the example of cross-section structure of 
the memory cell which has a common source configuration. 

[Drawing 17] Drawing 17 (A) is drawing showing the configuration of general MRAM which used MTJ, and 
drawing 1717 (B) is drawing showing the principle of operation of MTJ. 
[Description of Notations] 

1 Spin Filter Transistor 

2 1 st Ferromagnetic Barrier Layer 

3 1st Nonmagnetic Electrode Layer 

4 2nd Nonmagnetic Electrode Layer 

5 Spin Injector 

6 2nd Ferromagnetic Barrier Layer 

7 3rd Nonmagnetic Electrode Layer 

8 Spin Analyzer 

9 Rise Spin Band Edge 

10 Down Spin Band Edge 

1 1 Bottom of Fermi Energy and Conductor, Summit of Valence Band 

21 Emitter 

22 Base 

23 Collector 

24 Rise Spin 

25 Down Spin 

26 Spin Polarization Hot Electron (Rise Spin) 

27 Spin Polarization Hot Electron (Down Spin) 

41 Nonvolatile Memory 

42 Word Line 

43 Bit Line 

44 Load Resistance 

45 Power Source 

46 Load Line 

150 Spin Transistor 
157 Output Terminal 
160 Active Load 
170 Load Curve 



[Translation done.] 
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* NOTICES * 

JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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OZtJ'QIiOf »Sffi<5»^Ctt. SilBZC><il£7Ky K=^ry7tl!ilESB3<4)a5S« 
ilcfilr 1t £ I) . 
C 0 0 1 7 ] 

«£oT, [B)-<«>A'r7ZTC^->TtffiilBI>7>VX^<4>ai*i»ttttffiilESBl 'iJ&fiB'ft© 
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v #n t u u . 

[ 0 0 2 2 ] 

7h y y 7X«CH£Sr4tfe±lB7C> h7> : /Xn, f!lB»3<?)«ffi«JSC«SB7*l 
J 7 - F fi V . HQ sB 9fi 1 QltiMt fttt * 7 S 1 4>Ett* . fl(F IE 55 2 <?> mffi«lt 
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[ 0 0 3 1 3 

ZC>0 ! /i7^ZC>7 ^^^XftmcftllTtt. 381 <9&B£<l£|ItitSc55l SMEfiB 
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Tffv^^zo^isi^tJg-r. ) t*titt y7ii)(->na?tfXf <, - si u # 

llXC>9*f (tt 'JJ^i^^ifi^tt, 55 1 ©SffiMMS <?>ttHt V ^fi * « 3 7 
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